Study on the Preparation of Novel Sorbents based Porous Monolithic Materials and Its Application by 张咏
  
学校编码：10384                                            密级      
学    号：33120121151661           
 
 
 
 
硕  士  学  位  论  文 
 
多孔整体材料新型吸附剂的制备及其 
应用研究 
Study on the Preparation of Novel Sorbents based Porous 
Monolithic Materials and Its Application 
 
 
张 咏 
 
 
指导教师姓名：黄晓佳 教授 
专  业 名 称：环 境 科 学 
论文提交日期：2015年 4月 
论文答辩时间：2015年 5月 
 
 
 
2015 年 5 月 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
厦门大学学位论文原创性声明 
 
本人呈交的学位论文是本人在导师指导下,独立完成的研究成果。
本人在论文写作中参考其他个人或集体已经发表的研究成果，均在文
中以适当方式明确标明，并符合法律规范和《厦门大学研究生学术活
动规范（试行）》。 
另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的
资助，在（               ）实验室完成。（请在以上括号内填写
课题或课题组负责人或实验室名称，未有此项声明内容的，可以不作
特别声明。） 
 
声明人(签名)： 
          年   月   日 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
厦门大学学位论文著作权使用声明 
 
本人同意厦门大学根据《中华人民共和国学位条例暂行实施办法》
等规定保留和使用此学位论文，并向主管部门或其指定机构送交学位
论文(包括纸质版和电子版)，允许学位论文进入厦门大学图书馆及其
数据库被查阅、借阅。本人同意厦门大学将学位论文加入全国博士、
硕士学位论文共建单位数据库进行检索，将学位论文的标题和摘要汇
编出版，采用影印、缩印或者其他方式合理复制学位论文。 
本学位论文属于： 
(     )1.经厦门大学保密委员会审查核定的保密学位论文，于  
年  月  日解密，解密后适用上述授权。 
(     )2.不保密，适用上述授权。 
(请在以上相应括号内打“√”或填上相应内容。保密学位论文
应是已经厦门大学保密委员会审定过的学位论文，未经厦门大学保密
委员会审定的学位论文均为公开学位论文。此声明栏不填写的，默认
为公开学位论文，均适用上述授权。) 
 
声明人（签名）：             
          年   月   日 
 
 
 厦
门
大
学
博
硕
士
论
文
摘
要
库
目录 
i 
目录 
摘要 ..................................................................................................... I 
Abstract ............................................................................................. III 
第 1 章 绪论 ....................................................................................... 1 
1.1 固相萃取介质的种类及应用.......................................................................... 2 
1.1.1 无机基质固相萃取材料 ....................................................................... 2 
1.1.2 有机聚合物固相萃取材料 ................................................................... 3 
1.1.3 离子液体 ............................................................................................... 3 
1.2 整体材料及应用.............................................................................................. 4 
1.2.1 整体材料的开端及发展 ....................................................................... 4 
1.2.2 整体材料的应用 ................................................................................... 5 
1.3 萃取模式的发展.............................................................................................. 5 
1.4 本研究的目的和内容...................................................................................... 9 
参考文献............................................................................................................... 10 
第 2 章 掺杂氧化石墨烯聚乙二醇二甲基丙烯酸酯整体材料的制备及
其对环境水样中苯胺类化合物的萃取性能研究 ............................... 16 
2.1 引言................................................................................................................ 16 
2.2 实验材料与方法............................................................................................ 17 
2.2.1 仪器与试剂 ......................................................................................... 17 
2.2.2 标准溶液的配制 ................................................................................. 17 
2.2.3 仪器条件 ............................................................................................. 17 
2.2.4 整体材料萃取饼的制备 ..................................................................... 18 
2.2.5 实验方法 ............................................................................................. 18 
2.3 结果与讨论.................................................................................................... 18 
2.3.1 整体材料萃取饼的制备条件优化 ..................................................... 18 
2.3.2 整体材料的表征 ................................................................................. 19 
2.3.3 萃取条件优化 ..................................................................................... 21 
2.4 不同整体材料对五种苯胺类目标物的萃取性能比较................................ 25 
2.5 方法验证........................................................................................................ 27 
2.6 在实际样品中的应用.................................................................................... 27 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录 
ii 
2.7 本章小结........................................................................................................ 31 
参考文献............................................................................................................... 31 
第 3 章 基于硼亲和多孔整体材料吸附剂的制备及其对苯甲酰脲类农
药的萃取性能研究 ............................................................................ 34 
3.1 引言................................................................................................................ 34 
3.2 实验材料与方法............................................................................................ 35 
3.2.1 仪器与试剂 ......................................................................................... 35 
3.2.2 标准溶液的配制 ................................................................................. 35 
3.2.3 仪器条件 ............................................................................................. 35 
3.2.4 SCSE 的制备 ....................................................................................... 36 
3.2.5 实际样品前处理 ................................................................................. 37 
3.3 结果与讨论.................................................................................................... 37 
3.3.1 整体材料的制备条件优化及电镜表征 ............................................. 37 
3.3.2 萃取条件优化 ..................................................................................... 38 
3.4 方法的有效性................................................................................................ 42 
3.5 与现有方法的比较........................................................................................ 44 
3.6 实际样品测定和方法加标回收率................................................................ 46 
3.7 本章小结........................................................................................................ 48 
参考文献............................................................................................................... 48 
第 4 章 新型聚离子液体整体材料萃取饼的制备及其对重金属锑的萃
取性能研究 ....................................................................................... 50 
4.1 引言................................................................................................................ 50 
4.2 实验材料与方法............................................................................................ 51 
4.2.1 仪器与试剂 ......................................................................................... 51 
4.2.2 实验方法 ............................................................................................. 51 
4.3 结果与讨论.................................................................................................... 53 
4.3.1 整体材料制备条件优化 ..................................................................... 53 
4.3.2 整体材料的表征 ................................................................................. 53 
4.3.3 萃取条件的影响 ................................................................................. 55 
4.3.4 方法验证 ............................................................................................. 58 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录 
iii 
4.3.6 在实际水样中的应用 ......................................................................... 60 
4.4 本章小结........................................................................................................ 60 
参考文献............................................................................................................... 61 
第 5 章 整体材料固相微萃取纤维的制备及其对水样中氯代酚的萃取
性能研究........................................................................................... 64 
5.1 引言................................................................................................................ 64 
5.2 实验材料与方法............................................................................................ 65 
5.2.1 试剂与标准溶液 ................................................................................. 65 
5.2.2 仪器 ..................................................................................................... 65 
5.2.3 色谱条件 ............................................................................................. 65 
5.2.4 实验方法 ............................................................................................. 65 
5.3 结果与讨论.................................................................................................... 66 
5.3.1 Poly (VI/EDMA)整体材料制备优化 ................................................. 66 
5.3.2 整体材料的表征 ................................................................................. 67 
5.3.3 萃取过程中的条件优化 ..................................................................... 70 
5.4 分析方法建立................................................................................................ 74 
5.5 与现有其它方法的比较................................................................................ 77 
5.6 实际样品的测定及加标回收率实验............................................................ 77 
5.7 本章小结........................................................................................................ 79 
参考文献............................................................................................................... 79 
第 6 章 结语与展望 .......................................................................... 82 
6.1 本研究所取得的成果.................................................................................... 82 
6.2 研究的不足.................................................................................................... 82 
6.3 研究展望........................................................................................................ 83 
致谢 .................................................................................................. 84 
攻读硕士学位期间发表的论文及参与的科研项目 ........................... 85 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Contents 
iv 
Contents 
Abstract (In Chinese) .......................................................................... I 
Abstract (In English) ........................................................................ III 
Chapter 1 Preface............................................................................... 1 
1.1 Categories of solid phase extraction sorbents  .............................................. 2 
1.1.1 Inorganic sorbents................................................................................... 2 
1.1.2 Organic polymer sorbents ....................................................................... 3 
1.1.3 Ionic liquid .............................................................................................. 3 
1.2 Monolithic material and its application ........................................................ 4 
1.2.1 Beganning and development................................................................... 4 
1.2.2 Application of monolithic material......................................................... 5 
1.3 Development of extraction formats  ............................................................... 5 
1.4 Objective and contents of this research ........................................................ 9 
References ............................................................................................................ 10 
Chapter 2 Extraction performance study of poly (ethylene glycol 
dimethacrylate/graphene oxide) for aromatic in environmental water 
samples ............................................................................................. 16 
2.1 Introduction ................................................................................................... 16 
2.2 Experimentation and method ...................................................................... 17 
2.2.1 Instruments and reagents ...................................................................... 17 
2.2.2 Preparation of standard solution ........................................................... 17 
2.2.3 Instrument conditions ........................................................................... 17 
2.2.4 Preparation of EDMA/GO .................................................................... 18 
2.2.5 Extraction procedure of SCSE-EDMA/GO .......................................... 18 
2.3 Results and discussions ................................................................................. 18 
2.3.1 Optimization of SCSE-EDMA/GO preparation conditions ................. 18 
2.3.2 Characterization of EDMA/GO ............................................................ 19 
2.3.3 Optimization of SCSE-EDMA/GO operating conditions..................... 21 
2.4 Comparison of neat polymer........................................................................ 25 
2.5 Validation of the method .............................................................................. 27 
2.6 Application in real samples .......................................................................... 27 
2.7 Summary........................................................................................................ 31 
References ............................................................................................................ 31 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Contents 
v 
Chapter 3 Preparation of a boronate affinity monolith and its 
extraction performance for benzoylurea pesticides.......................... 34 
3.1 Introduction ................................................................................................... 34 
3.2 Experimentation and method ...................................................................... 35 
3.2.1 Instruments and reagents ...................................................................... 35 
3.2.2 Preparation of standard solution ........................................................... 35 
3.2.3 Instrument conditions ........................................................................... 35 
3.2.4 Design of SCSE system ........................................................................ 36 
3.2.5 Pretreatment of the real sample ............................................................ 37 
3.3 Results and discussions ................................................................................. 37 
3.3.1 Optimization of preparation conditions and characterization of the 
SCSE-PILM ................................................................................................... 37 
3.3.2 Optimization of SCSE-PILM operating conditions.............................. 38 
3.4 Validation of the method .............................................................................. 42 
3.5 Comparison of the method ........................................................................... 44 
3.6 Application in real samples .......................................................................... 46 
3.7 Summary........................................................................................................ 48 
References ............................................................................................................ 48 
Chapter 4 Preparation of a new sorbent based polymeric ionic liquid  
for SCSE (SCSE-PILM) and its extraction performance for antimony
.......................................................................................................... 50 
4.1 Introduction ................................................................................................... 50 
4.2 Experimentation and method ...................................................................... 51 
4.2.1 Instruments and reagents ...................................................................... 51 
4.2.2 Experimentation.................................................................................... 51 
4.3 Results and discussions ................................................................................. 53 
4.3.1 Optimization of SCSE-PILM preparation conditions........................... 53 
4.3.2 Characterization of SCSE-PILM .......................................................... 53 
4.3.3 Optimization of SCSE-PILM operating conditions.............................. 55 
4.3.4 Validation of the method ...................................................................... 58 
4.3.6 Application in real samples .................................................................. 60 
4.4 Summary........................................................................................................ 60 
References ............................................................................................................ 61 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Contents 
vi 
Chapter 5 Preparation of monolithic fibers based solid phase 
microextraction and its extraction performance for chlorophenols . 64 
5.1 Introduction ................................................................................................... 64 
5.2 Experimentation and method ...................................................................... 65 
5.2.1 Reagents and standard solution ............................................................ 65 
5.2.2 Instruments ........................................................................................... 65 
5.2.3 Chromatographic conditions................................................................. 65 
5.2.4 Experimentation.................................................................................... 65 
5.3 Results and discussions ................................................................................. 66 
5.3.1 Optimization of VI/EDMA preparation conditions  ............................ 66 
5.3.2 Characterization of VI/EDMA ............................................................. 67 
5.3.3 Optimization of SCSE-VI/EDMA operating conditions ...................... 70 
5.4 Validation of the method .............................................................................. 74 
5.5 Comparison of the method ........................................................................... 77 
5.6 Application in real samples .......................................................................... 77 
5.7 Summary........................................................................................................ 79 
References ............................................................................................................ 79 
Chapter 6 Conclusions and perspectives .......................................... 82 
6.1 Achievement of this study  ............................................................................ 82 
6.2 Shortage of this study  ................................................................................... 82 
6.3 Research expectation .................................................................................... 83 
Acknowledgements........................................................................... 84 
Published articles and research project ........................................... 85 
 
 厦
门
大
学
博
硕
士
论
文
摘
要
库
摘要 
I 
摘要 
整体材料因其制备简单、可“原位”聚合、通透性好、传质速率快、易化学
改性等优点而被广泛应用于样品前处理过程中。本研究制备了四种新型整体材料，
并结合搅拌饼固相萃取和纤维固相微萃取技术与高灵敏分析仪器联用，建立了环
境水样中苯胺类、苯甲酰脲类农药、重金属锑和氯代酚类的分析方法。具体研究
内容如下： 
1. 制备了 掺杂氧 化石墨 烯的聚 乙二醇二 甲基丙 烯酸酯 整体材料 
(EDMA/GO)，并将其用作搅拌饼固相萃取 (stir cake sorptive extraction, SCSE)的
吸附剂，考察了不同单体、交联剂、致孔剂比例下制备的整体材料对苯胺类化合
物萃取性能的影响，利用红外光谱、扫描电镜、透射电镜和元素分析等手段，对
其进行表征。同时详细优化了解吸溶剂、基底 pH 值和离子强度、萃取和解吸时
间等因素对萃取性能的影响。在最优条件下，建立了环境水样中苯胺类化合物的
SCSE-EDMA/GO-HPLC/DAD 分析方法，该方法的线性范围较宽，线性相关系数
良好，检出限 (LOD，S/N=3)和定量限 (LOQ，S/N=10)分别在 0.04-0.19 μg/L 和
0.13-0.61 μg/L 之间，实际样品加标回收率在 74.2-105%范围内。 
2. 以 3-丙烯酰胺苯硼酸为单体，二乙烯基苯为交联剂，二甲基亚砜为致孔
剂，在热引发作用下“原位”制备了硼亲和整体材料萃取饼 (SCSE-APB/DVB)，
并对其进行红外、扫描电镜等表征。由于所制备的 poly (APB/DVB)整体材料与
目标化合物存在 B-N 配合、氢键和疏水等作用力，因此吸附剂可对苯甲酰脲类
农药进行有效萃取。研究结果表明，所建立的 SCSE-APB/DVB-HPLC/DAD 方法
的线性相关性良好，LODs (S/N=3)在 0.095-0.31 μg/L 之间，LOQs (S/N=10)在
0.31-1.00 μg/L 之间，实际环境水样和果汁样品中不同浓度加标回收率分别在
75.6-99.4%和 81.6-114%之间。 
3. 基于离子液体 (ionic liquid，IL)的独特化学性质，本研究以 3-(1-乙基咪
唑)丙基甲基丙烯酰氧胺溴化盐为单体，乙二醇二甲基丙烯酸酯为交联剂，制备
了基于聚离子液体整体材料萃取饼 (SCSE-PILM)，由于该整体材料含有可与重
金属锑螯合的 N 和 O 原子，因此可实现对锑进行有效富集。利用红外光谱、扫
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II 
描电镜和元素分析对其进行物理化学性质表征。详细考察了解吸溶剂、基底 pH、
共存离子、萃取和解吸时间对萃取效率的影响。在此基础上，与氢化物发生-原
子荧光光谱法联用建立了水样中锑的分析方法。在最优条件下，所建立方法的线
性范围在 0.5-100 μg/L 之间，线性良好，LOD 为 0.084 μg/L，三种不同水样中锑
的三种不同浓度加标回收率在 79.4-107%之间，RSD 均小于 10.0%。 
4. 为了缩短分析时间和有效萃取环境水样中氯代酚类污染物，制备了基于
聚 (乙烯基咪唑-乙二醇二甲基丙烯酸酯)整体材料的固相微萃取纤维(monolithic 
fiber-solid phase microextraction, MF-SPME-VI/EDMA)，考察了制备条件和萃取条
件对其萃取效率的影响，利用多种手段对其结构进行表征。同时，与 HPLC/DAD
联 用 建 立 环 境 水 样 中 氯 代 酚 类 化 合 物 的 分 析 方 法 ， 所 建 立
MF-SPME-VI/EDMA-HPLC/DAD 方法的线性范围较宽，线性相关性良好 (R2＞
0.99)，LODs 和 LOQs 分别为 0.16-0.45 μg/L 和 0.55-1.48 μg/L，远低于各规定中
的最高限量值，该研究有望为环境水样中的氯代酚类污染物的检测提供一种简便、
快速和环境友好的分析方法。 
 
关键词：整体材料；搅拌饼固相萃取；整体材料纤维固相微萃取；聚离子液体；
聚(乙二醇二甲基丙烯酸酯/氧化石墨烯)；聚 (3-丙烯酰胺苯硼酸/二乙烯基苯)；
聚 (溴化-3-(1-乙烯基咪唑)丙基甲基丙烯酰氧胺/乙二醇二甲基丙烯酸酯)；聚 (乙
烯基咪唑/乙二醇二甲基丙烯酸酯) 
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Abstract 
Monolithic materials were widely applied in the field of sample pretreatment due 
to the advantages such as facile preparation, good permeability, fast mass transport, 
ease of chemical modification. In present study, four novel porous monoliths were 
prepared and acted as extractive medium of stir cake sorptive extraction (SCSE) and 
monolithic fiber-based solid phase microextraction (MF-SPME). Simple, sensitive 
and environmentally friendly methods for the determination of  trace aromatic 
amines, benzoylurea pesticides, antimony and chlorophenols in environmental water 
samples were established by combining SCSE or MF-SPME with high sensitive 
analytical instruments. The main studies are as follows: 
1. Poly (ethylene glycol dimethacrylate/grapheme oxide) (EDMA/GO) monolith 
was synthesized and used as adsorbent of SCSE. The effect of the content of ratio of 
polymerization solution on extraction performance was investigated. The poly 
(EDMA/GO) monolith was characterized by infrared spectroscopy, scanning electron 
microscopy, transmission electron microscopy and elemental analysis. To obtain the 
optimal extraction conditions for aromatic amines (AAs), several extraction 
conditions including desorption solvent, pH and ionic strength in sample matrix, 
extraction and desorption time was investigated thoroughly. Under the optimal 
conditions, a novel method of SCSE-EDMA/GO followed by high performance liquid 
chromatography (HPLC/DAD) for the analysis of AAs in environmental water 
samples was proposed. Results showed that all linear dynamic ranges possess good 
linearity (R2＞0.99), the limits of detection (S/N=3) and limits of quantification 
(S/N=10) for the target analytes were 0.04-0.19 μg/L and 0.13-0.61 μg/L, respectively. 
The mean recoveries of 74.2-105% were obtained for target analytes in spiked 
environmental water samples. 
2. Using 3-acrylamidophenylboronic (APB) and divinyl benzene (DVB) as 
monomer and cross- linker, respectively, a new extraction medium of SCSE was 
prepared by in situ polymerization. The monolith was characterized by infared 
spectrum and scanning electron micrograph. Because there were multi- interactions 
such as boron-nitrogen coordination, hydrogen bond and hydrophobicity between the 
boronic-acid ligand and analytes, the poly (APB/DVB) monolith could extract the 
target analytes effectively. After optimization the extraction conditions, a sensitive and 
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effective method was developed for the determination of benzoylurea pesticides in 
environmental water and juice samples by coupling SCSE-APB/DVB with 
HPLC/DAD. The results showed wide linear ranges and good repeatability.  The 
LODs for target analytes were 0.055-0.11 μg/L in water and 0.095-0.31 μg/L in juice, 
respectively. The developed method was successfully applied to the determination of 
benzoylurea pesticides residues in water and juice samples and satisfactory recoveries 
of spiked target compounds were in the range of 75.6-109%. 
3. To exploit the extraction of metal ions with ionic liquid, a new polymeric ionic 
liquid monolithic material was prepared by using 3-(1-ethyl imidazolium-3-yl) 
propylmethacrylamido bromide (EIPB) and ethylene glycol dimethacrylate (EDMA) 
as monomer and cross- linker, respectively. The monolithic material could extract the 
antimony effectively because the existence of coordinated N and O atoms in the new 
adsorbent. Elemental analysis, FT-IR and scanning electron micrograph were used to 
characterize the adsorbent prepared under the optimum conditions. Some key 
extraction parameters including desorption solvent, pH value of the sample matrix, 
extraction and desorption time, interference ions were investigated in detail. Based on 
this, a convenient and sensitive method for the analysis of antimony in environmental 
water samples was established by coupling SCSE-EIPB/EDMA-EDMA with hydride 
generation-atomic fluorescence spectrometry. The results showed the LOD and LOQ 
values of the developed method were 0.084 μg/L and 0.28 μg/L, respectively. 
Recoveries of antimony from different water samples were in the range of 79.4-107%, 
the relative standard deviations (RSD) were all below 10%.  
4. To shorten the analysis time and extract the chlorophenols in environmental 
water samples effectively, a porous poly (vinylimidazole/ethylene glycol 
dimethacrylate) monolithic fiber for solid phase microextraction (MF-SPME) was 
synthesized. Effect of the preparation and extraction conditions on extraction 
efficiency was investigated in detailed. The monolithic fiber was characterized by 
infrared spectroscopy, elemental analysis, scanning electron microscopy and mercury 
intrusion porosimetry. At the same time, a convenient, sensitive and quick analytical 
method for the determination of chrolophenols in environmental water samples was 
developed by combining with HPLC/DAD. Under the optimized conditions, the 
proposed method showed wide linear range, LODs and LOQs were 0.16-0.45 μg/L 
and 0.55-1.48 μg/L, respectively. The RSDs for intra- and inter-day precisions were 
<7.0%. The recoveries of spiked water samples were ranged from 90.0% to 115%. At 
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the same time, satisfactory repeatability was achieved with RSDs < 9.0%.  
 
Key words : monolithic materials; stir cake sorptive extraction; monolithic fiber based 
solid phase microextraction; polymeric ionic liquid; poly (ethylene glycol 
dimethacrylate/graphene oxide); poly (3-acrylamidophenylboronic/divinylbenzene); 
poly (3-(1-ethyl imidazolium-3-yl) propylmethacrylamido bromide/ethylene glycol 
dimethacrylate); poly (1-vinylimidazole/ethylene glycol dimethacrylate) 
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第 1 章 绪论 
复杂环境样品的分析一般包含三个主要步骤：(1)样品采集和上机前处理；(2)
仪器测定；(3)数据分析和结果报告。在这三个步骤中，样品前处理所消耗的时
间约为整个分析时间的三分之二，而上机测定一般只需几分钟到几十分钟，因此
样品前处理方法的研究成为整个分析过程中至关重要的一步。通过合适的样品前
处理不仅可去除或减少复杂基底的干扰成分，而且可实现对目标物的富集从而提
高分析方法灵敏度。 
传统的样品前处理方法主要包括分步吸附、离心、透析、蒸馏、过滤、液-
液萃取、冷冻干燥、柱层析、沉淀、索氏萃取、超声振荡等方法。这些方法虽然
应用较为广泛，但存在操作繁琐，且多为手工操作，所需分析时间较长，同时消
耗较多的有机溶剂等缺点[1]。因此，发展操作简便、有效、快速、环境友好的前
处理方法具有重要意义。理想的样品前处理方法应符合以下几点：(1)能够从样
品基底中将一种或多种目标物选择性分离开来；(2)萃取过程中，被分离待分析
组分的基本性质不变，如不能发生降解、代谢等；(3)重现性好；(4)操作简便、
快速、成本低。 
在上述经典前处理方法的基础上，近年来出现了一些新型的样品前处理方法，
如固相萃取 (solid phase extraction, SPE)[1]、加速溶剂萃取 (accelerated solvent 
extraction, ASE)[2]、超临界流体萃取 (supercritical fluid extraction, SFE)[3]、膜萃取
(membrane extraction, ME)[4]、微波辅助萃取  (microwave assisted extraction, 
MAE)[5]、固相微萃取 (solid phase microextraction, SPME) [6]、液相微萃取 (liquid 
phase microextraction, LPME)[7]、搅拌棒固相微萃取 (stir bar sorptive extraction, 
SBSE)[8]等。 
固相萃取技术因其具有萃取介质种类繁多、操作简便、有机溶剂用量少等诸
多优点被广泛应用于样品前处理中。在 SPE 基础上发展而成的 SPME 则进一步
有效减少了样品制备过程中有机溶剂和样品用量，同时也缩短了分析时间。固相
萃取和微萃取的发展现主要集中于其装置模式、自动化程度和萃取介质[9]。其中，
萃取介质作为固相萃取的核心，一直是样品前处理技术的研究热点。 
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1.1 固相萃取介质的种类及应用 
固相萃取技术能将目标物从复杂的环境基底中分离开来，主要依靠吸附剂上
的官能团与目标化合物的分子基团之间的相互作用力将目标物保留在吸附剂上，
而样品中的其它干扰组分则不被保留。存在的相互作用力主要包括非极性作用力、
极性作用力、离子作用力、氢键作用力等。固相萃取介质按介质类型可分为无机
基质固相萃取材料和有机聚合物固相萃取材料[10]。 
1.1.1 无机基质固相萃取材料 
无机基质固相萃取材料主要有键合硅胶、无机氧化物和石墨碳无机物三大类。
键合硅胶填料是应用最广泛的固相萃取吸附剂，无机氧化物材料因其表面具有活
性羟基而主要应用于正相萃取，石墨碳是一种较为特殊的无机材料，原因是其表
面特殊的结构[10]。 
1. 键合硅胶 
1978 年 Subden 等[11]首次将商品化的键合硅胶引入到样品前处理中。通常用
于硅胶上的键合基团主要有 C18、C8、苯基、氰丙基、氨基和丙基苯磺酸基等，
硅胶是此类吸附剂的基质，一般在 pH 2.5-7.5 范围内比较稳定，如果使用 pH 值
过低，硅胶上键合基团会发生断裂；而使用 pH 值过高，硅胶则会发生水解[1 0 ]。 
2. 无机氧化物类 
无机氧化物类萃取材料主要有活性硅土、弗罗里硅藻土和氧化铝 (包括酸性、
中性和碱性氧化铝)等。活性硅土被认为是最强的极性吸附剂，其除了极性作用
力之外，还可与目标物之间发生阴离子交换作用。弗罗里硅藻土也属于极性吸附
剂，可用于萃取极性目标化合物，其主要缺点是 pH 使用范围较窄。氧化铝可分
为酸性、中性和碱性氧化铝，三种形态的氧化铝均具有很高的活性，可通过控制
氧化铝表面的 pH 来调整其吸附作用[10]。 
3. 石墨碳类 
石墨碳黑是在惰性氛围下将炭黑加热至 2700-3000℃而制成，其表面是平面
六角环相互连接在一起，且层层叠加，由于其特殊表面结构，因此可选择性吸附
具有平面芳香环结构及六元环结构的化合物[10]。石墨碳黑属于疏水性填料，可用
于极性化合物、中性至非极性化合物的萃取[12-14]。 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
